Abstract-This
INTRODUCTION
The chief goal of EELD is to get optimum output of thermal generators in power system subjected to several constraints to diminish the operating costs. The thermal power plant operation is dependent upon incineration of fossil fuel which generates SOx, NOx and COx emission. The increasing pollution is a matter of environmental concern worldwide which has led to formation of international standards for emissions from industries and power plants. Different acts have been made which forces the industries to modify their principles to follow the environment-emission standards strictly. Therefore it is significant to consider emission constraint in economic dispatch. The economic & emission dispatch are contradictory in character and both must be considered together to find optimal dispatch. The problem is formulated as a multiobjective economic emission load dispatch (EELD) problem in which both the objectives (emission and economy) have to be minimized. Earlier traditional methods like Newton's method, gradient approach and linear programming [1] were used for solving ELD problem. In the last years different techniques have been used for solving EELD. Nanda et.al [2] applied goal programming techniques for solving EELD. Song et.al [3] solved environmental/economic dispatch with genetic algorithm controlled by fuzzy logic. Abido [4] used genetic algorithm for the EELD to find out pareto-optimal solutions. Ah King [5, 6] applied improved non-dominated sorting genetic algorithm (NSGA-II) for creating paretooptimal front for EELD. Thenmozhi [7] solved EELD using hybrid genetic algorithm. Perez [8] solved environmental/economic dispatch using differential evolution. Hong [9] applied immune genetic algorithm for EELD. Hazra [10] proposed bacteria foraging algorithm for emission constrained economic dispatch. Hemamalini [11] solved non convex EELD by applying particle swarm optimization.Bhattacharya.et.al [14] presented a BBO technique to solve EELD of thermal generators with different emission substances (SOx, NOx, & COx). Similarly there are many other techniques like teaching learning based algorithm [15, firefly algorithm (FFA) [16] and artificial neural networks [17] ,NSGA [21] , SPEA [22] ,PSO [23] , bacterial foraging algorithm with fuzzy logic [24] and Ant lion optimization [27] which have been successfully used to solve EELD problem.GWO has been earlier applied to solve single objective ELD [26] . In this paper combined emission and economic dispatch problem has been transformed to single objective problem by using cost penalty factors. After that grey wolf optimization (GWO) is used to solve the modified problem.
II. PROBLEM FORMULATION 2.1 Economic Load Dispatch
Aim for economic dispatch is to reduce the operating (fuel) cost of thermal generators satisfying some limits [27] . The objective function is given by:
= ∑ (a P + b P + c ) … (1) Where a i , b i , & c i are the fuel-cost coefficients and P gi is power output for the ith generating unit among NG total committed generating units.
The constraints to be considered are: a) Energy equality constraint The overall generation by the entire generators should be equal to the sum of whole power demand (P d ) & system's real power loss (P L ). ∑ P − P − P ... ( 2) The power loss P L is calculated by using generator power output and B coefficients: P = ∑ ∑ P B P + ∑ B P + B … (3) b) Generator inequality constraint Output power of each generator must lie between its lower P and upper P operating limits.
Economic Emission Dispatch
EED objective is to diminish the entire pollution ejection from combustion of coal or gas for producing electricity.
The emission function consist of the summation of different types of emissions (i.e. COx, NOx and SOx)with appropriate pricing for every pollutant discharged [27] . The problem of EED for COx, NOx and SOx emissions can be defined by as :
Where E N ,E S & E C are the total amount of NOx, SOx and COx emission from the power plant in (kg/hr.). The power balance & generator limit restrictions are given by Eq. (2 & 4) respectively.
Economic emission Load dispatch (EELD) problem
The emission and economic dispatch are contradictory in character and they both have to be considered together to find optimal dispatch. The problem is expressed as a multiobjective EELD problem in which both objectives (emission and economy) [27] have to be minimized. The objective function is given by:
Where C denote fuel cost objective and E N ,E S & E C denote emission objectives. The multiobjective EELD can be transformed to single objective problem by using cost penalty factors (cpf) denoted by "k". When fuel cost and NOx emissions are considered objective function becomes: 
III. GREY WOLF OPTIMIZATION
In this section grey wolf optimization (GWO) is discussed for solving multiobjective EELD problem. Mirjalili et al [25] proposed GWO algorithm which was inspired by social and hunting behavior of grey wolf. The head of pack are a male and female, called alphas (α). The alpha is generally responsible for taking decisions about hunting, time to wake, sleeping place, and so on. Fascinatingly, the alpha is not essentially the strongest member in the pack but the greatest in terms of supervision of the pack. This shows that the discipline and organization of a pack is of a great deal than its strength. In the hierarchy of grey wolves the second level is beta. The betas are secondary wolves that help the alpha in making decisions or other activities of the pack. It maintains discipline in the pack and acts as an advisor to the alpha. The reinforcing of the alpha's orders is done by beta all through the pack and provides feedback to the alpha. Delta (δ) wolves are the third in social hierarchy of grey wolves and they have to submit to betas and alphas, but they govern the omega. Sentinels, scouts, hunters, elders, and caretakers belong to this group. Sentinels shield and promise the protection of the pack. Scouts are accountable for watching the borders of the territory of the pack and warn the pack in case of any threat. Elders are the knowledgeable wolves who used to be beta or alpha.
Hunter's assist the betas and alphas when hunting prey plus providing food to the pack. Lastly, the caretakers are in charge for caring for the frail, sick, and injured wolves of the pack. The omega(ω) is ranked lowest among grey wolves. The omega acts like a scapegoat. Omega wolves always have to surrender to all the other governing wolves and are the last wolves that are permitted to eat. In the mathematical model of the social hierarchy of the grey wolves, alpha (α) is considered as the fittest solution. Accordingly, the second best solution is named beta (β) and third best solution is named delta (δ) respectively. The candidate solutions which are left over are taken as omega (ω). In the GWO, the optimization (hunting) is guided by alpha, beta, and delta. The omega wolves have to follow these wolves. During hunting prey is encircled by grey wolves which can be modeled mathematically as following equations [25] :
Where A C CD and C CD are constant vectors, X C CD H is prey's location vector, X C CD denotes grey wolf's location vector and't' is present iteration.
A C CD and C CD vectors are computed as follows [25] : Wolves are forced to attack upon the prey when |A| < 1 and diverge from the prey when |A| > 1 to optimistically find a better prey. The hunt is normally directed by alpha, beta and delta, which have greater knowledge about the feasible site of prey. The other wolves must amend their position according to best wolf position. The equations used for wolves position updating are given below [25] :
IV. SIMULATION TESTS AND RESULTS
In this paper multi-objective economic load dispatch has been solved for three different test systems. In all cases, the constraints of operating limit and power balance are considered. The program was written in MATLAB (R2009b).The population (i.e. number of grey wolves) taken in each case was 30 and maximum number of iterations performed were 500. 1) Test system 1 In this case system having 3 generating units considering NOx emissions is tested to reveal effectiveness of GWO.Theinput data, such as cost &emission coefficients, loss data, generation restrictions, istaken from [19] . The power demands are 300,500 and 700 MW. The best negotiating results achieved from GWO are shown in 
1: Comparison results for 3-Unit system with 700MW demand
In this test case a system with 6 generating units with NOx emissions is used to reveal the effectiveness of GWO for this type of system. The unit's data, such as cost & emission coefficients, B-loss coefficients, generation limits, are given in [19] . The load demands are 500,700 and 900 MW. The best compromising results achieved from GWO are shown in Unit system with 700MW demand emissions is used to reveal the effectiveness of GWO for this type of loss coefficients, generation limits, are given in [19] . The load esults achieved from GWO are shown in [18] . The power demand is 1800 MW. The and BBO [14] is shown in table 6. V. CONCLUSION The GWO algorithm is effectively applied for solving multi-objective EELD problem. It is apparent from the obtained results that the proposed GWO algorithm can evade the deficiency of early convergence of the genetic algorithm and particle swarm optimization methods to get superior solutions. The results confirmed that GWO was able to give competitive results in comparison to GA, hybrid GA, PSO, FFA and BBO. The novel probabilistic model of searching, encircling and hunting the prey handle the trouble of early convergence. Because of simplicity and effectiveness of the GWO method, it can be useful for searching better results in difficult power system problems in future.
